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INTRACELLULAR DIRECTED DELIVER! 
OF EXPRESSION PRODUCTS 

CROSS- REFERENCE TO RELATED APPLICATIONS 
Thia .application is 4 cont^uat ipn-in-part of 
Application Serial No. 912,408, filed September 26, 
1986, 

INTRODUCTION 

Technical Field 

This invention relates to techniques for 
directing the transport of proteinaceous gene products 
to particular organelles of a cell in which the product 
is being produced. 

Background 

Plant cells contain distinct subcellular com- 
partments delimited by membranes. In photos ynthetic 
leaf plants, the most conspicuous organelles are the 
chloroplasts . The chloroplast present in leaf cells is 
one developmental stage of this organelle. Proplas- 
tids, elsioplasts, amyloplasts, and chromoplasts are 
different stages. The embodiments of this invention 
apply to tftg organella ^artT large wHtctr wfrr be* 
referred to as "chloroplast. 11 The majority of chloro- 
plast proteins are coded by nuclear genes synthesized 
in the cytoplasm and then imported into the chloro- 
plasts. Import Is associated with the removal of an 
amino terminal portion, the transit peptide. The 
transit peptide is linked to the mature peptide by an 
amino acid sequence, normally requiring at least two 
amino acids, which is recognized by a specific protease 
associated with the chloroplast. Thus, the proform of 
the mature peptide is translocated to the chloroplast 
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and processed as a result of recognition by one or more * 
proteins. 

For many purposes in the manipulation and 
transformation of plant cells to provide particular 
5 functions in the plant cell, it will be desirable that 
the gene which is introduced into the plant cell 
results in- .a product- which is. translocated to the.* ., a . 
chloroplast ana functions in the chloroplast. it is 
therefore desirable to be able to devise chimeric con- 
structions which provide for efficient expression in a 
plant host, resulting in the enhanced production of a 
particular product or the production of a novel product 
which is translocated to and functions in the chloro- 
plasts of the plant host. 
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Relevant Literature 

Van den Broeck et_^. , Nature (1985) 313 . 
358-363 describes the use of the transit ' peptide or the 
pea small subunit ribulose-1 , 5-b is phosphate carboxylase 
Joined to the NPT-II gene to provide a chimeric gene 
which is shown to be capable of translocation in a 
Plant host. Lubben and Keegstra, Proc. Natl. Acad. 
Scl - USA Ct986) 83_:5502-55O6 report the use of the 
soybean SSU transit peptide plus 13 amino acids of the 
pea SSU mature protein plus a heat shock protein for 
translocation to chloroplasts. See also the references 
cited therein as well as Cashmore et al. , Biotechnology 

(1985) 803-808, and Karlln-Neumann et ai . , ~EMBO J. 

(1986) Vol 5, No. 1, pp. 9-13- The mutated"a7o77ene 
is described in U.S. Patent No. 4,535,060 and in Comai 
et, al«, Science (1983) 221_:370, each of which is 
incorporated herein by reference. See also EPA 
218,571. 

SUMMARY OF THE INVENTTOM 
DNA constructs and the resulting proteinaceous 
products expressed from such constructs are provided 
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., mMo(1 0 p proteins expressed in 
resulting 1- «• ""-^^ The construct, 
W. cytoplasm into ° hl °™/ 1 * 3 ^J, oe ptid, recognised 
UTOlTe sequences eucod ti - 3 . oytoplasml5 

, " el o he chlocoplast. a short polar or • 

5 expressed protein to 0o3 itlvely 

rrtoTe Z Po"r « un. The polar c.,lo. may 
fused to «ne ano<- k An d serves to pro- 

I^orop^t. usually -H- ""-I"* ^°°" 3lag 
removal of the transit . peptide . 

TS -^nods and compositions are provided for 

„ heterologous or homologous, into a 
introducing genes, neteroiogo 
V ► whereby the gene is expressed and the 

or positive polarity strana, a 

Elation region recognised hy the. » = ^ 

a transcriptional te „ M . prlM9 a 

25 plant host cell. The transl transporting 
transit peptide recognised hy the hos ^ 

a polypeptide from ^"J™ "'the same or 
usually a processing signal -hi oh may " 
dlff erent from the P—lnge «1 »«- ^ 
30 associated -1th the transit peptide fo 

transit P-^^^ ^""region having at 
sequence encoding a po lar ^ ^ ^ 

l9Ml r: Te fst here tn t ansit peptide, processing 
gene of interest, where interest 
35 sequence, polar region sequenoe, and gene 
are all in proper reading frame. 
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A significant number of biological orocesses ' 
are involved in Che chloroplast. Therefore/ there is 
subatantial interest in having a wide variety of pro- ' 
terns introduced into the chloroplast, where the Pro - 
5 teins may result in modification of a biological pro- 
cess, imparting new capabilities to the chloroplast, or 
protecting a>biologicrai- P roces 3 -from^nterferenco 

Since the chloroplast i3 the site for oroduc- 

10 All li faUy aCid3 * ^ int - duci ^ ^rious proteins 

fa tv ,r° rOPXaSt * ^ SnhanCe the P-duction of 
fatty acids, modify the size distribution of fatty 

acids or modify the unsaturated character of the fatty 

acids, both as to number and site. Various enzymes 

which may be involved in such a function include acyi 

15 arrxer protein (ACP). acetyl-coA ACP transacylase , 

thioes t erase, malonyl-coA ACP transacylase, 6-Ketoacyl 
ACP, synthetase, etc. . . 

Another biological process associated with the 
chloroplast is starch synthesis. This proces, involves 
20 the enzymes starch phosphorylase , NDPG 

transglycosylase, the «D-enzyme« (Peat et *t 

/ 10 „n J ire« et ai., Nature 

( 953 72:158. the «Q-enzyme" (Baum and GilbertT^ItTre 
(1953) 272:983). ADP glucose pypophosphorylase, eTT^ 

25 ° ther Pr0telns wnich *™ Produced in the cyto- 

sm^T , tranSl °- t ^ *<> the chloroplast include the 
snail subunit of the ribuiose-1 i5 - M . phosphate carbox- 
ylase, cnlorophyll A and B binding protein, ferredoxin 
enzymes of the shi.imic acid pathway, as well as other' 
amino acid biosynthetic enzymes. 

30 0f Particular interest is the biological 

process for the synthesis of aromatic amino acids which 
includes in the pathway the enzyme 5-enolpyruvyl- 3 
Phosphoshikimate synthetase. ... -This enzyme is of par- 
ticular interest because it is the target for a 

35 commonly used herbicide glyphosate. 
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° f T^t - t or translocation rr- the cyto- 
reeogmwd by tne ho ^ ^ ^ p#ptW . 

pl„. Joined to. We gen algn3l . T „e pre- 

sence recogn * as . ^ t . tran3 . 

coro °: in o, OP ^t, « u ,*.-.«.« W 

W1 J ft, i^. The processing signal OKA 
cleavage of a pep de recoi nlzed by a 

39 ,uence encodes an oil*. 9 h , membrane of the 

, pepnoaae. Upon trans o r organell9 , ttl e 

chloroplast and entry pep tidase to 

egression produo is * pr0 „ ln . 

gen n rest aay be Joined to a tran- 

Any gene 01 oeocesaing signal 

5 sit peptide encoding sequen , region . 

trough a linens ^""/^^na indicated above 
-V or the genes enco la «. ^ ^ ^ be 
„ay be employed. As _ of a natural corn- 

solved in -odlfymg the o »P her . 

0 position, 'function or the UUe. 

oicides. enhancing a ' a « 10 ^ ln e)tp „salon of 

„e aroA gene la ^ v ° 1 " ttl «ay , pa«i=- 

ul arly the '^l^TXo^^ " 

15 rSSS.^""- The ensyoe Is 
5-enolpyruvyi 3 p r - gyntfletase 

S-enoXpyruvyl^-pHbsphoeh «»ate = 

(BC.2. 5.1.19)i referred to hereaf enha nolng 
ta „. TBe natural gene product la usef^^ 
30 th . production of Ml ^ wMch la c83i3 - 

pro duets. 0 ^" t t e n f 8 .;l opho „ offl ethyl glycine), an 
tant to glyphos at. CH P > are useful In 

U»»»«t " d vo ^ a ° te "ealstanoe to a normally giyphos- 
iaparting * l " h "f th8 stC uotural gene la 

35 ate-senaltive cell in *u de3C rlbes such a 

expressed. U.S. Patent Ho. 1.535.00 
outated structural gene. 
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The transit peptide and processins signal may 
be any plant protein which l3 expressed in ' 

tue cytoplasm and translocated to th. chloroplL 8 y - 

Ud. „ tn the mature product, the amino add sequence 
absent from the mature protein and coded for by th" 
nu^ngec banning at the Initiation codon, usually a 
metntonlne, win noCMUy 6e J • ■ 

10 r^siTsT 0 " 3 - " My 6e ae "" &u '° 

transit sequence as distinguished fro* another. .Be... 
Plary of transit sequence,. Is the transit peptlde^f 

pnate carboxylase and that free acyl carrier protein 

'5 that f rraSaMtS fron "» transit sequence 

that retain their transport activity can also be used - 

looatf ' P<Pt " e 13 ^ 3e,U "« trans! 
locating a peptide Joined to the transit peptide to t*» 
c loropxast and .ay he the whole wi Id- type trans! t pep- 

*° -"ant th " °" al fr ^ ent tSeCOf ' ~ * '—tlOMl 

also in' r° *" MtUCal ••«"•»« *• -turally 

also iaalait «. For tfts >ost par6> ly 

Plants 0 " 8 Th^ *~ SeMPa117 MC0Snl2 ' d «h.r 
heterolV P8Pt " e My 6e «•"« to or 

« gene is introd° T Ul " mat ' ln " ,l0h th ° 

sene Is Introduced. Transit peptides may come from 

»neae. pea, etc. TK . transit peptide will usually 

30 oh.™- . t " Mlate<1 ™«« »U1 proyid. foP , 

chimeric gene having three components: (1) the 
J: —"-the processing sign." 
the a I r , t, " wl "«"«» the expression product from 

35 remo a 'of tn 1 ^ CM ° r ° Plaat " d 

removal of th. transit peptide; (a) a polar t 

efnCi8nay " "» '"—"i n and 
tab.llty of the gene or interest; and (3) the gene of 
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foc a functional protein pro- 
interest 

which previa- - - arlcti onin S of 

duc t which will provide a cnange 

the ohioroplast. . ... wiU separate the 

TB e polar J^* f „ a the gene of 

transit peptide and pro 6 _ uaually 3. 

interest «IU normally invol ^though- 

oodona ana-aot ""-^^^ The poxar region may 
there ..y be specif la «" 9pt of th . ma ture peptide 

Be the „ a turally «"^^ t papt i da . .ay he a • 
rurally joined to *- *J proteln naturally 

region obtained fro. a dl« ■ frovUln! the »-. 

aaaooiated elt. a t analt P.P ^ ^ ^ % syntheti0 

terminus of suoh mature P olypapt t d e aequenoe. 

sa ,uenoe encoding an unnatura pol^ ^ 

. B „i d ea the of BydroP hillc and 

ulll 6 e further ^/""'/^/^ nuo6 er peroent. 
d eslrably harms at least „ f tne 

preferahly at least a-t 0 

polar amlnij acida. Tne p ^ he teroatom In 

0 oharged and neutral amino acl aBln0 

tne chain. These ^"'^V, aspartlc aold «>. 
aolda. lysine « . argl « »« *> P ^ ne>ltral 
^ntamlo acid t». •»* "'""^ Line (T) . asparaglne 
pol ar acids ser ne ; ^ ^ 

25 (H), glutamln. CO). v ° ttafg e d amino aolda. 
include at least two include up to five 

preferably at least three, and y ^ ^ 

positively =har 8 ed as , no a ds » ^ ^ M 

tnan a 5 number ^; ^ be poai tlvely 
30 number peroent of the s o ^ be 

charsed amino acids. Cnarg „! may 

present In the ^^."JL^d after the ,. 
else he present as the ^ ^ tu polar region 

processing signal. • s-termlnua of 

35 ma. he from » 30.»lno a ids ^ 

r;drrphlUc a0 or-hy T d°ro%hlc character of a protein 
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uoonttle, j. k oI . a ,„ Mo .„ , 57 . 105 ., 

the .^—t J " "he're ton • 
5 »«„ o/lT J"**' 1 *" 1 —P*lon. the „-ter»x„ al ' 

up t0 and Inoludlng 35 oodons y ;;„ fer . 

ably act .ore than" aoo „ t 30 00do . ' 

about 12 eodots to 30 oodona T h» „ , °° 

aeeXsned ta usually b4 f3 °,LdT k r9Sl ° n 
'0 re«o„ „k. u . folxowed by a hydrophobic 

acxda phenylalanine" , ' ^J* ~\* ^ 
Of). Dealrablv tyroaio. Or), a,,,, tryptophan 

ably th. f' * "™ M,lao ««<«•. »bre dealr- 

f a. or polf:' ° f P01 " «" b. 

re-ion T° '* 1W4 ° y -WW", tha polar 

aa,ueneea or co««natioaa tharaof * 3ynth9 "° 

Deairabiy, one »ould have aa fm -_,„„ . 

- Protein curiam, U,'^^ ^ of 

«- chxoropxa,:/:: : 1 L r ; a ::::;:::; io :r on tn 
~" ^r: :-x r«rssr on ehs - - - 
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ohlmecic gene. .Inere normally asso- 

terminal codecs of the matar P d> the gene 

oU ted .1* „ po,a, ,.on in «- 

or interest -Ul he 0° # i3 a convenient, ,, 

W"*"*^ '^end or the polar region. «• 
restriction site at toe ^ 0l9 aved at that 

transit peptide ~ ^ 1 gene or 

an. J :;;„ there Is no convenient 

interest. Alternatively vh.« restclctton site may 

~s= r; .".r,:r: . . ;rr «—«,.. 
— =: t -rr..r.r.r. 

are Joined an* lifted Is not critic. ^ 
tl on. Where the polar r.g ion Is ~« d oc 

0 to the transit peptide, It W « » u3ed „ an 

ohtalned from an y oonven ant s r«a ^ ^ 

ad a P tar or bridge t U * ^ conyenlant 

gene of Interest. In the ^ » 4 processing 

restriction sites in tne interest, the polar 

» — ° rti : r ra:°Lta g p « 

region may serve as an a * cna other-regions'. 
rost ^restricting ™™"<*™£ a transit peptide 

| Tha D »a ^needing sequence 

oay be the complete transl W« * trunoat ed translt- 
30 including the processing sign* . or ^ ^ ^ ^ 
p.ptUe-eacodinS sequence lac" , ^ 3 ,_ te „. 
oodona or a portion of a 0 „ ln the 

ln addition, one or more changes " y ^ ^ 

natore o f mctatlons de one o ^ ^ 

35 transit peptide and « oonatractlon . 

change may provide -"^ B ~ci.« sit. or removing 
providing for a convenient restric 
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an Inconvenient ceatriction aite. The autatlona „„ b . " 

oonaecvative or non-con 3 ecva tl ve. 30 that 

peptide «, be tae 3aoe op « t'„m . 

transit peptide. wild-type 

5 The individual sequences may be obtains > 

naturally occurs source,. «ay be J,J„^"^ M '~ 

o « o 7 3 ™' «T be eoablna "n 3 

of aequencea from naturally occurring and synthetic 

used for Edifying ehe3e 3eaue su 

: r 3 "' PCtner "satfonT^ 
tailing, etc. The various techniques m ay bs c«rled 
out In accordance w It h conventional procedures. 
15 „. ■ * " ructural ««•» of Jnterest B ay be 

IZH /T ^ * h ™°»o*al D!IA or 3y „. ' 

thea^ed In whole or in part. All or a portion of tne 

-od fy ail" or a^ :f tU " t,M " " W " to 
enh,^ P 1<>a ° f th « ° odons ' "ample to 

part?o!, e T" IOn eOP10WnS "'"-Preferred codecs 

than oie I terS3t " e ta *«~^» genes fro. other 
than P i ant 30urCMi auch m nloroo 

bacteria and fungi, non-vertebrates e * n,»fj 
vertebrates . , , """a. e.g. ln 3 eots, and 

""rates, e.g. mammals and fish. 

. Tne " ar 'ou 3 segments of the chimeric gene can 
be Jomed la a variety ,f „y 3 . dually involving oo! 
or -or. of the fragments be!„g inserted lai0 T'^Z 
oloned, the cloned piaa.ld reatrlcted. fcllc^d by 
manlpuiatlona. aa appropriate and ;° ilo " 9a by 
cent fragment to- tha'cioned f^ „ t T rIV/SZT' 



Of 



25 



30 
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. *»„t v ocefecred chimeric gene of the 
a oarfctculariy peer en c „„ a -,.i«- 

pce3ent tUw. i. * —Hi n:;: 

peptide from the -11 «' — gene cap- 

Msphoapnate "rtom-. ;, y0h03 ale7 although a 

5 able of imparting "Si*""" " lnalcaC8 that the 

aumber or publications have """.all/ -af «1 without 

^ntide vrould be generally usei 
ss0 transit pep ide wo stcuo tural sen., 

regard to no- « '^H^ Mhen the SSU transit 
this has „»«. » 8 aroi senei a3 well as 
10 peptide gene i3 joined w 

° thSr T particular interest is employing from .0 to 
ably 16 codons. q Natu« 

25 H 22 P«-t methionine- .Partly - 

,ar fua on product was «P»*»^ r ££. were 

II gen. into chloroplasts Similar ^ ? _ 

described in Sohr.l.r at al . . JgJBO — „. 

32 . although the construe, .used ^ ^ 

30 amino-acld transit s.duenoe and^n a ,„ 

M ld. fro- th. mature small a ubuni g ed Dy 
artificial codons to the same NPT II 8 

*" *" '^Procedure of uubben and C W «.a» 

. h .,rt. sn heat shock protein (IT. 5 

35 .aploy.d a "™" te V,/. ransU peptide and 13 amino 
kD a) with a soybean SSU tran ; t P .P # ^ _ 

acida of the N-termlnus of tne pea 
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in comparison with a construct lavm, the oea Ssa 
mature peptide in plane or the heat shook protein the 
translocation of the heat shoo, protein was " 
substantially less effloient. 
5 When the procedure of Van den Broeok et ai 

was attempted with the aroA lene > t . ». ~ 

= i£2.* gene, the gene product was 
not transported tdto the plant ohloroplasts . - TW the - • 
general indications in Van den Broeck et a!, anu 

10 oan r h IerJ T- SaaI1 3u6 -»~^3mit protein 

can be used generally to transport peptides to ohloro- 
plasts are seen to be inaccurate. There appears to be 
a require meat for fusion of the arc* gene to a segment 
of the small subunlt gene that includes the tranaft ' 
15 211 " 9 3e<IUenoe - th « Posing sequence, and the 
lT t 7'T 3Sl ' 1S portion of the mature 

email subunlt peptide or other polar sequence. A func- 
tional mutant may be employed in which one or more 

20 ,f I T a °" 3 ' P " rw ' t1 ' nonser.atiT.iy, to 

link the transit peptide gene to the aroA gene 

In order to hare expression, it will be nec- 
essary to have transcriptional and translational regu- 
latory sisals. Conveniently, the chimeric gene may be 
prepared having its own initiation codon and stop 
codecs so that expression will be initiated and ter- 
minated at the appropriate oodons. In addition, a 
transcriptional initiation region, including the RNA 
polymerase binding site and transcription initiation 

30 te ^«ator region will be provided 5- and 3 . 

*° to tne chimeric gene, respectively. 

" mnalntlr - '""""ptlon initiation re- 
gion may be the native promoter region associated with 
the tr . However, in many instances, tn. 

native transit peptide transcription initiation region 

the de 0 s\ b Yr"" al,la 6aCaUSa " "« Provide f r 

the desired degree of transcription or constitutive 
transcription is desired, where the leader peptide 
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transcription is inducible, or vice versa. Therefore, 
the native transcription initiation region may be sub- 
stituted by a different region or the region upstream 
from the RNA polymerase binding site and transcription 
5 initiation may be substituted to provide for inducible 

transcription • 

The. transcription initiation regions vfhi.ch may_ 
be employed may be derived from various plant gene 
promoter regions, including such plant genes as small 

10 subunit (SSU) carboxylase, acyl carrier protein (ACP) 
and Elongation Factor 1, or may be bacterial plasmid 
gene promoters which are functional in plants, such as 
the opine synthase promoters of the Ti- or Ri-plasraids 
of Agro bacterium or viral promoters. These promoters 

15 include the promoters associated with opine synthesis, 
e.g., octopine synthase, nopaline synthase, mannopine 
synthase, agropine synthase, etc. Viral promoters 
include the cauliflower mosaic virus 35S promoter and 
region VI promoter. 

20 in much the same manner as the building up of 

the chimeric gene, an expression cassette can be devel- 
oped where the chimeric gene is flanked by transcrip- 
tional initiation and termination regions to provide 
for the | desired transcriptional regulation. In some 

25 instances, and with increasing frequency, expression 

I 

constructs are -developed , where the transcriptional 
Initiation and" termination^ regulatdry 'regions* are-pro^ 
vided separated by a polylinker having a plurality of 
restriction sites, where, by insertion of or substitu- 

30 tion of a small fragment of the linker with the chi- 
meric gene, the chimeric gene may be ligated so as to 
be under the regulatory control of the expression cas- 
sette. The expression cassette is normally carried on 
a vector capable of replication and selection in one or 

35 more hosta, particularly including prokaryotic hosts. 
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Depending upon the manner in which the expres- * 
sion cassette is introduced into a plant cell, the 
expression cassette may be initially joined to other 
DNA regulatory regions. Commonly, the expression cas- 
sette will be joined to a replication system functional 
in prokaryotes, particularly coli , so a3 to allow 
for cloning of tW expression cassette for isolation — 
sequencing, analysis, and the like. Included with the 
replication system win usually be one or more markers 
which may allow for selection in the host, the markers 
usually involving biocide resistance, e.g.. antibiotic 
resistance; heavy metal resistance,- toxin resistance, 
complementation; providing prototrophy to an auxo- 
trophic host; immunity; etc. 
15 Where the DNA will be microinjected into the 

host cell, a marker will usually be desirable which 
allows for selection of those cells in which the In- 
jected DNA has become integrated and functional. Thus 
markers will be selected which -ean be detected in a 
20 plant host. 

Alternatively, one may use a tumor- inducing 
plasmid, such as a Ti- or Ri-plasmid, which may be 
armed (causing gall formation) or disarmed (not causing 
gall formation). See Hoekema, Nature (198?) 303-179- 
180; EPA Mo. 116718 and WO 86/03776. Various~nst ruc- 
tions can be prepared involving T-DNA where the expres- 
sion cassette of interest may have a single T-DNA 
border, the right border, or be bordered on both the 
right and left sides by T-DNA borders. The borders 
will involve at least about 50bp of the T-DNA. usually 
at least about 100bp, if desired, one or more of the T- 
DNA structural genes with their expression systems may 
be included, so that integrating into a plant host will 
result in expression of an opine, which may be used as 
a marker for the presence of T-DNA integration. The 
particular manner in which the expression cassette is 
introduced into the nucleus of the host ia not critical 
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to this motion. .o'lo.« as the 
1, present and cspahle of functions to provide 

desired product. , a33e6ce inol uded in a proKary- 

The expression oassec-a i 
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product. transfocaatlon , the cell tissue (e.g.. 

" pro toplasfs . giants, or cotyledons, are transferred 
to a regeneration medium for formation of a callus. 
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The regeneration media will usually contain a bacteri- 
cide, e.g., carbeniciliin C500mg/L) , and may contain a 
selective reagent for selecting transformed cells. *oc 
example, with the kanamycin resistance gene (APH3«II> 
5 Kanamycin will be added to at least about 3 0mg/L and 
usually not more than about 500mg/L, preferably from 
about 50 tt lOOmg/L, in the selective mediate. " The - 
regeneration medium includes an appropriate salt 
scurce. such as Murashige-Skoog salts medium, a carbon 
source, e.g., sucrose, with appropriate other addi- 
tives, such as hormones, e.g., 2ea tin. etc.. at about 
0.75-2.25mg/L, myoinositol at about 50-200ag/L, etc- 
Also a vitamin supplement may be added, e.g., Kitsch 



20 
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vitamins, at about 0,5 to 1. 5 ml/L of 1000x stock 
15 (usually 1.0ml/L). as is conventional in regeneration 
niedxa. The 1000x stock of Nitsch vitamins contains in 
a 100ml final volume: 50mg thiamine HC1, 200mg 
glycine, 50mg nicotinic acid. 50mg pyridoxine HC1. 50mg 
folic a^d, 5ml biotin and water to volume. The carbon 
source will be present in from 10 to 3 0g/L. Conveni- 
ently, the regeneration medium contains about 0.5 to 
1.0* agar, with the regeneration medium being buffered 
at about pH 6 t 0.5. 

In 2 to 3 weeks shoots normally develop. When 
the snoots are approximately 1 to 2 cm. they are 
excised at the base and transferred to a rooting 
medium, which may be the same medium on which the 
seedlings were grown, with carbeniciliin and kanamycin 
sulfate added. J 

Once the modified plants have been obtained, 
they can be grown to sufficient maturity to provide 
sufficient material to determine whether the desired 
product is still being produced in all or a portion of 
tne plant cells. After expression of the desired pro- 

be UC br!T/ een dem ° nafcrated in ««• Plant, the plants may 
be bred to seed, used for crossing with other plants, 
as appropriate, to produce hybrids having the desired 
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expression capability of the expression cassette or, as 
appropriate, produce various propagules for further 

oropagation. , 
The chloroplasts are extremely iaportaa. cexl 

5 organelles. Therefore, delivery of proteins to the 

chioroolasts may allow for the engineering of herbicide 
resistances alteration of amino acid metabolism rtKa^. 
at ion of photosynthesis, fatty acid metabolism, and 
other important metabolic functions. 
10 of particular interest, is a construction 

employing the small subunit leader peptide of 1,5- 
ribuiose-1,5-bisphosphate carboxylase, more particu- 
larly, the small subunit leader peptide from soybean 
(Berry-Lowe e^al., J ™- ^ol. Genet. (1982) 1:*3>. 
15 The leader peptide from this gene may be joined to an 
aroA gene, particularly an aroA gene expressing an 
^ vm e resistant to inhibition by an enzyme innibitor 
for the wild-type enzyme, as is described above. 

in conjunction with the chimeric plasmid may 
20 be used transcriptional regulation systems, such as 

those associated with T-DNA, e.g.. octopine. nopaline. 
mannopine or agropine synthases, or the small subunit 
transcriptional regulation system. Usually, the con- 
struction will involve the terminator region of the 
25 leader peptide or transcription initiation region. 

which can be introduced downstream from the structural 
gene by any convenient means. Usually, the terminator 
region will be from about 50b P to not more than about 
1000bp from the stop codon(s). 
30 The subject procedure results in the produc- 

" tion of novel proteins. From one to 20 amino acids of 
the M-terminus of the mature product may be substituted 
by the, polar- region or the M-terminus extended, by the ,, 
polar region. These proteins are distinguished by 
35 having an unnatural N-terminus coded for by the hydro- 
philic region. Thus, as exemplary, is an aroA gene 
Lorising at its H-terminus from 3 to 20 heterologous 
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amino acids. With the SSU subunit, the protein will 
comprise 14 to 18, preferably 16 amino acids of the 
mature SSU protein. Similarly, other of the chloro- 
plast endogenous proteins may be similarly character- 
5 ized by lacking their N-termini, either as a result of 
replacement of the natural H-termini with the polar 
region or by being fused to the polar region to provide 
an extension of the wild-type N-terminus. 

The following examples are offered by way of 
illustration and not by way of limitation. 
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EXPERIMENTAL 

Strains and plasmlds 
15 Three RuBP SSU clones were used. pSRS2.1 is a 

genomic soybean clone (Berry-Lowe et al . ( 1 982) supra) . 
TSSU3-8 and SSU3-2 are genomic tobacco clones (O'Neal 
-£L.£l- Nucl. Acid. Res. (1987) in press). pSS1 5 is a 
pea CDMA clone (Coruzzi et al. , J. Biol. Chem. (1983) 
20 258:1399) . The transit peptide regions of the soybean 
and tobacco SSU are 75$ homologous.- The first was used 
for in. vitro uptake studies, the latter for In vivo 
plant expression. 

DMA manipulations were carried out according 
to established procedures (Maniatis et al . (1982) 
Molecular Clonings A.. Laboratory Manual, Cold Spring 
Harbor Laboratory, Cold Spring Harbor, NY). Manufac- 
turers specifications were followed where applicable. 

30 Construction of pCGN565 and PCGN566 

PUC12 (Cm R ) and pUC1 3 (Cm R ) (Ken Buckley Ph.D. 
thesis, U.C. San Diego) were each digested with EcoRI 
and Hind i! I and polyllnkers from PUC13 and puci 9 were 
inserted respectively into the linearized pUC12and 

35 PUCI 3 to give pCGN565 and pCGN566 respectively. Each 
of the plasmids carry a chloramphenicol resistance 
marker . 
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Conatructioa of Plasmids Containing the Amino Terminal 
Portion of RUBPCssu (ribulose-1 , 5-bispftos pftat e 
carboxylase small subunit) 
5 pSRS2 . 1 (Berry-Lowe et al . , supra ) containing 

an ScoRI fragment which includes 5 1 -untranslated region 
and, the 5 A-codLng* : region, of, RUBPCssu was digested with 
Ecoai to provide the fragment and the EcoR I fragment 
inserted into the ScoR I site of pCGN565 and pCGN566, 
10 respectively, to provide P.CGN330 and pCGN331 , respec- 
tively. pCGN331 was then further digested with Hind lll 
which removes most of the 5 f -untranslated- region to 
provide the amino terminal portion of the RUBPCssu gene 
carried on a Hind lll -ScoR I fragment. 

15 

Construction of M13-65BM8 (aroA) Clone With Eight Base 
Pairs Before the ATG Site of the Mutated aroA 
Salmonella Gene 

pPMG11 (Comai et_ , Science (1983) 221 ;370) 

20 contains a mutated aroA gene resistant to glyphosate 
inhibition as a Sall- Hind lll fragment- pPMGll was 
digested with Sail and Bgll l and inserted into BamH I - 
Sall digested pACYC!84 (Chang and Cohen, J. Bacteriol . 
(1978) lb* :11m) to provide pPMG17, with the aroA frag- 

25 ment. pUC9 (Vieira and Messing, Molecular Cloning 
(1982) Coid Spring Harbor Lab Manual) was partially 



digested 
Hpall to 



with AccI and pPMdT part Tally digested with* 
provide an about 1 . 6kbp fragment which was 



inserted into the AccI site* of pUC9 to provide pPMG31 • 
30 p?MG31 was digested with Hind lll, resected about 150bp 
with Bal31, BamH I linkers ligated to the linear DMA and 
the DNA digested with BamH I and Sail , The resulting 
fragment carried the aroA gene with 8bp of the 5 f - 
untranslated region (TGAGTTTC-sense strand)- The frag- 
35 ment was inserted into M13mp9 (Messing and Vieira, Gene 
(1 982) J_9j269) which had been digested with BamH I and 
Sai l to yield the phage M13-65B48 containing the aroA 
gene as a BamHI -Sal I fragment. 
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Amino terminal modification of aroA 

M13-65BU8 was digested with Mar l and PstI, 
generating an aroA fragment lacking the DMA region 5» 
5 of the Narl site, corresponding to the amino terminal 
protion of the gene. This fragment was cloned in pUCS 
cut with AccI and PstI , resulting" fh pPMG53. This - 
plasaid encodes a lac-aroA fusion protein in which 11 
amino acids of the pUC8 lac alpha gene replace the 14 
amino acids of the N-termlnus of the aroA gene. pPMG34 
has been described previously (Stalker et^al^. , j. Biol. 
Chern^ (1985) 260 : 4724-4723)". The Bam H I to Sail frag- 
ment containing the aroA gene was cloned in pUC9, 
resulting in pPMG34.1. Starting from the BamH I site, 
15 the 5 '-untranslated region of the aroA gene was 

recessed by treatments with T4 DMA polymerase in the 
presence of a single nucleoside triphosphate, followed 
. by mung bean nuclease digestion. After each T4 DMA 
Polymerase and mung bean treatment, the fragment was 
subcloned as a blunt to Sail insert into a pOC vector, 
and transformants were screened for the expected 
product. After two of these steps a clone into a pUC18 
was isolated in which the first nucleotide of the Met 
codon was part of an Xbal site ( . . .tctagatg) . This 
25 plasmid, called pPMG34.2, was cut with Xbal, treated 
with T4 polymerase in the presence of dGTP, followed by 
mung bean nuclease, and Tl DMA ligase. The DMA was 
transformed into £. coll LC3, an aroA mutant, (Comai et 
al., Nature (1983) 317:741-744) and transformants were 
30 selected on minimal medium. Several plasmids comple- 
menting the aroA phenotype were characterized. Plasmid 
PPMG34.3 was found to carry an aro A/lac fusion in which 
the first nucleotide of the aroA Met -codon had been 
deleted. 

35 
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l .....no n of SSU -arnA Fusion 1 

M 1 3-65313 was dieted w ith BamHI and Sail and 
the r««U1. S BamHI-Sall fragment Inserted Into the 
BamHI-Sall site of PCGN565. Tile resulting placid. 
^Gsf" was first linearised with Xmal. followed by 

Uon -itn mung bean nuclease to remove the over- 
hangs . and' the resulting fragment" " 
UnKers. Allowed by digestion with SphI and Sail. 

OCON566 was completely digested at the umque 
Sphl and sail sites and the Sphl-Sal! fragment oon- 
itTning tlTaroA gene inserted into the site to provide 
^ whiohlo-ntaina the chloramphenicol resistanoe 



gene 



PPMG6H was digested with Sph.1 and a 0.6kb 
15 POGM330 SPM fragment inserted into the Sphl site so as 
" to Trover the ROBPCssu leader peptide in the proper 
orientation with the aroA gene. The Sohl site Is 

«ene The Sphl and BamHI sequences are separated,^ 
20 „g , baseilir and" o.ide for the ...PC... leader 
peptide and processing signal in proper reading frame 
with the aroA gene. The sequence is as follows. 

ACAAT I GCATX | C | 00ATCC | CO | TGACTTTC | ATGOAA. . . 
25 " f sphl BamHI S-Ot aroA aroA coding 

J region region 

RUBPC33 coding I linker region \ 
region 

30 The resulting plasmld pPMGTO was digested with Hindlll 
Z remove the upstream untranslated COT) region of the 
small subunit to provide plasmld PPM072. num* 

+ u1t h Hindlll and EcoR I,- and bhe SSU- 
fipwr.7? was treated witn »i^. UA1J - - 

ZZ prom ter/ gene fragment was cloned tn PSP6U (Melton 

flefo gest.d with Hindlll and EcoRI providing Plasmld 
PCOH1068. The vector pSP6» allows in vitro transcrip- 
tion of cloned DNA. 
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Construc tion of SSU-aroA Fusion 3 

This fusion was planned in such a way that 24 
amino acids of the nature SSU peptide ace present be- 
5 tween the small subunit transit peptide and the aroA 
sequence. Plasmid pCGN1068 was cut with Xbal, the 
resulting stoppered ends were "filled" with the large 
EcoRI DMA polymerase fragment (Klenow fragment), the 
plasmid was cut again with 3mal and ligated. This 
10 caused the loss of a BaaHI site present between the 

Xbol and Smel site. The resulting plasmid pCGN1075 was 
cut with EcoRI and Hindlll releasing the SSU-aroA 
chimeric gene (Fusion 1). This gene was cloned in 
Bluescribe-M13 vector (Vector Cloning Systems, San 
15 Diego) cut with EcoRI and Hindlll resulting in 

PCGM1076. Plasmid pCGM1076 was cut with S£hl and BamHI 
and a 70bp Sphl-Seu3A fragment from a pea SSU cDNA 
clone was ligated to pCGN1076 resulting in pCGM1077. 
Such 70b P SphI-Seu 3A fragment was isolated by digesting 
Plasmid pSS15 (G. Coruzzi et_ al . , J. Biol. Chem. fio«^ 
258:1399) with Seu 3 A and Sphi, separating the resulting 
fragments by agarose gel electrophoresis and electro- 
elution from the gel. The chimeric gene in pCGN1077 
consisted of the transit peptide of the soybean SSU, 
25 part of the mature pea SSU* (24 amino acids) and the 
aroA gene, it was called Fusion 3, By, digestion of 
PCGM1077 with Ecori and Hindlll and subsequent ligation 
of the chimeric gene to pSP64 (D.A. Melton et al.. 
nucleic Acid Research (1984) JI2_:7035) out with Hindlll 
30 and Ecori, plasmid pCGM1086 was constructed. The 

chimeric SSU-aroA gene in PCGM085 can be transcribed 
in vitro by the use of SPG-DHA polymerase, a control 
Plasmid containing aroA only was constructed by digest- 
ing PPMG63 with BamHI and Sail and cloning it in pSP64 
35 treated with BamHI and Sail, resulting in pCGN1008 
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r.o natruction of SSU-aroA Fusion j 

To con3t ruct an SSU-aroA fusion similar to 

fusion 3 but lacking the start oodon of the aroA gene, 
the aroA gene of P PMG34.3 was excised as a BamHI to 

5 sall—agment and gel purified. Plasmid OPMG72 was 
Rested with BamHI to Sail. The fragment containing 
th. vector and the S3U coding region was gel 
and ligated to the previously purified aroA gene. Th. 
Tesult^ng plasmid contained an SSU-aroA fusion lacing 

to the start Met, codon of aroA. 

m vitro Svnthe -^ and Uptake of Wild-type aroA,,. 
Fusion 1 and Fusion 3 

PCGN1008, PCGN1068, and pCGN1 086 were line- 
arized with EcoRI. They were then transcribed by the 
addition of IpI-RNA polymerase and nucleotide precur- 
sors according to the manufacturer specif icat ions 
(Promego-Biotec. Madison. Wisconsin). The RNA was then 
added to in vitro translation extracts fro. wheat germ 
(BRL. Bethesda, MD) and translated in the presence of 
S 35. met hionine (New England Nuclear). The resultxng 
peptides were analyzed by stoS-polyacrylamide gel 
electrophoresis. Translation of mRNA from P CGN1008 
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resulted In the synthesis of a «3kd peptide 
25 ponding in mobility to wild-type aroA product . Trans 
lation of" mRHA fro. PC0N1068 and pCGH.086 resulted In 
peptldes|of respectively 50 and 53Kd. In addition, a 
» 3 L peptide -as produced fro., translation of mRNA from 
PCQN1068. presumably resulting from spurious rlbosomal 
30 initiation of translation at the original aroA start 
oodon. Each translation product -as incubated with 
isolated spinach ohlorcplasts as described by Bartlett 
et al. (in Edelman et. <l. (ens) Meth in Chloroplast 
^1~B1Q. (1982) PP. 1081 Elsevier). The chloroplasts 
35 were then treated with trypsin to digest any pept.de 
outside the chloroplasts. Stromal and membrane frac- 
tions were separated as described In th, reference 
above and analyzed by SDS-gal electrophoresis. 
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Contraction of the SSU-aroft fu sion generation s ector 
PCGN1096 — — 

To generate a large number of fusions by the 
5 use of nuclease Bal 3 T resection a specialize.! vector 
was constructed called P CGN1096. The following is the 
construction scheme: the aroA moiety of P CGN1077 was 
removed by digestion with SphI and Sail , m its place 
was cloned the region coding for the mature SSU, as an 
SphI and P£tl, and then excising it with SphI and Sail. 
The resulting plasmid, pCGNl094, codes for an hybrid" 
SSU having the transit peptide of the soybean clone, 
and the mature portion of the pea clone and carries 
Sstl and Ecori sites 3» of the coding region. The 
Hindlli to BamHI region of transposon Tn5 (Jorgensen et 
al., Mol. Gen. Genet. (1979) V77:65) encoding the 
kanamycin resistance gene was cloned into the same 
sites of PBR322 (Bolivar et_al., Gene 0977) 2,-95) 
generating pos?. The Bgl2 site 3' of the kanamycin 
resistance gene was digested and filled in with the 
large fragment of E. cou DMA polymerase 1 and deoxy- 
nucleotides triphosphate. An Sstl linker was ligated 
into the blunted site generating plasmid P CGN1093. 
Plasmid PPMG34.3 ws digested with Sail, the site filled 
in as above and Ecaai linkers were ligated into the 
atte resulting, in. plasmid. pCGM 092. The latter plasmid 
was digested with Sstl and Smal and Into it was ligated 
the kanamycin resistance gene excised from pCGN109 3 
with sstl and Smal giving pCGN1095. The kanamycin and 
aroA gene were excised as a piece from pCGM1095 by 
digestion with Sstl and EcoRl and Inserted into the 
Sat I and EcoRI sites of pCGN 1094 giving pCGW1096. 
Summarizing, pCGM1096 contains 5' to 3< the following 
pertinent features: The SSU gene - a polylinker coding 
35 for Pat I. Sail, sati, and Kpni - the kanamycin resis- 
tance gene - Smal and BamHI restrition sites - the aroA 
gene without the original ATG start codon. 
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Op eration of S Sl^arg* fusions with pCON10?6 

plasmld pCGN1096 was cut at the Sail site and 

digested with endonuclease Bal31 for different lengths 
of time. The resected plasmid was then digested « 
Smal and religated. Treatment with Bal31 deleted dlf- 

T^ent amounts of SSU coding region starting fro. the 

3- end of the gene. It also deleted different portions 
of the kanamycln resistance gene starting from the 5 
end of the gene. Digestion with Sjnal deleted 
remainder of the Kanamycln resistance gen. "«^*^ 
joined the ATO-less aroA gene to a point within 
coding region. One fusion out of three should generate 

a alationally active fusion between the SSU coding 
region and aroA. These events were selected by trans 
,5 foxing the-77sulting plasmlds in E. coU tC3. an a£o.A 
mutant (Comal et al • • O 983) supra) . and selecting for 
the plasmid by amplolllin resistance and for tranala- 
tionally correct fusions by growth on minimal medium, 
elementing plasmlds were Isolated and character ized 
20 bHestrlctlon digestion. The se,uenoe of the fusion 
was determined by Sanger dideoxy scuenee analysis 
using a primer homologous to the amino terminal region 
of aroA ^ 

25 g ultion of r»"» generation Vector 

PCGtn60 \ Ye .tor analogous to pCOI.1 096 was constructed 
to generate aop-aroA fusions. pCSHISOU contains a cDHA 
or spinach ACP-I (Scherer' and Knauf , Plant Hoi. Bio ,. 
(1987) 9-127-13S). The AC? gene was excised from 
pCGNISolTwlth Hool and EcoRI. the Scot end was filled 
In with the Kleno- fragment or DMA Poll, and cloned 
into P0C18 out with smal-and EcoRI to give pCGH1 9 9. 
The acp carrying plasmid PCGN1919 was digested with 
35 gco R 7Tnd into that sit. was cloned the Kanamycln a^oA 
^oTlng r.gion or PC0N1O95. r,sultlng In 
relevant region of this plasmid Is listed as rollo-s 
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from 5' to 3': Hindlll, PstI , Sail , BamH I - ACP - 
EcoRI, Sstl - kanamycin resistance - Smal , BamH I - ATG- 
less aroA - EcoRI, PstI , SphI , Hindlll. 

5 generation of acp- aroA fusions with oCGNI 608 

Plasmid PCGN1608 was cut at the SstI site and 
digested with endonuclease Bal31 for different lengths 
of time. The resected plasmid was then digested with 
Smal and religated. Treatment with Bal31 deleted dif- 
ferent amounts of acp coding region starting from the 
3' end of the gene, it also deleted different portions 
of the kanamycin resistance gene starting from the 5' 
end of the gene. Digestion with Smal deleted the 
remainder of the kanamycin resistance gene and ligation - 
joined the ATG-less aroA gene to a point within the acp 
coding region. One fusion out of three should generate 
a translationally active fusion between the acp coding 
region and aroA. These events were selected by trans- 
forming the resulting plasmids in E. coll L C3. an aroA 
mutant, and selecting for the plasmid by ampicilii~ 
resistance and for translationally correct fusions by 
growth on minimal medium. Complementing plasmids were 
isolated and characterized by restriction digestion 
The sequence of the fusion was determined by Sanger 
dldeoxy sequence analysis using a primer homologous to 
the amino terminal region of aroA. 
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Testing of Fusion Constructs 

The fusions chosen for characterization were 
cloned into an expression vector as follows. Fusions 
originating from P CGM1608 were cloned as Sail to EcoRI 
fragments Into pCGN1906 cut with the same enzymes" 
PCGNT906 is an expression vector having the COMV35S 
promoter (nucleotides 7146 to 7546) and the OCS 3 ♦ 
35 region (12,823 to 11.207) (Barker etal., Plant Mol 
Bio^ (1983) 1:335) cloned via linkers into~pljc" 
backbone. Sail and EcoRI sites are located between the 
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5 T promoter and 3 f termination region allowing proper 
positioning of the gene to be expressed. The resulting 
plasmids contained the fusion under the control of the 
CaMV 35S promoter and spliced to the teal 
5 polyadenylat ion signal. Fusions originating from 

PCGN1608 were cloned as BamHI to EcoR I fragments into 
the expression vector pCGM1096, 'cut- wrtfr- Bgll l^atid * - 
EcoR I . The later carries the CaMV 35S promoter and the 
ocs 3 T polyadenylation region separated by Bgll l, Sail 

10 and EcoR I sites. The resulting plasmids were 

characterized by restriction endonuclease digestion, 
purified and electroporated into Nicotiana tobacum 
protoplasts. After 48 hours incubation the 
electroporated protoplasts were analyzed for the 

15 presence of aroA related proteins by Western blot 
analysis (Comai et_ al. (1985) supra). 

Delivery of Bacterial EPSP Synthase into isolated 
Chloroplasts In Vitro 

20 Fusions 1 and 3 incorporate respectively the 

first 1 and 24 amino acids of the mature SSU* Fusion 4 
differs from fusion 3 in tile linker-coded region and in 
the deletion of the aroA start codon. 

The fusion genes in the SP6 transcription 

25 vector pSP64 (Melton _et_al_- , Nuci. Acids. Res. (1984) 
1 2 ;703 5-7056) were cloned and then transcribed and 
translated in vitro . Translation of mRNA from pCGN1003 
resulted' in the synthesis of a 43 kDa peptide corres- 
ponding in mobility to wild-type aro A product. Trans- 

30 lation of mRNA from pCGN1068 and pCGNl 086 resulted in 
peptides of respectively 50 and 53 kDa. Radiolabelled 
precursor was then incubated with isolated spinach 
chloroplasts. After incubation the chloroplasts were 
washed, treated with trypsin if specified, and membrane 

35 and stromatic fraction were separated and analyzed by 
SDS PAGE . Fusion 1 protein is not efficiently trans- 
located into the chloroplasts, as negligible amounts 
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are found in either the membrane oc stromatic fraction. * 
Fusion 3 is translocated: two polypeptides are found 
in the stroraatic fraction and have MW of 47 and 46 kDa, ' 
the expected size for- the processed product. A change 
5 in mobility of the translocated proteins is visible 
after trypsin treatment. This could indicate that the 
transport is riot" complete and part of the protein is 
still accessible to the protease. In support of this, 
small amounts of the 47 kDa species of BPSP synthase 

10 are present in the membrane fraction. Partial diges- 
tion upon trypsin treatment of the chloroplasts could 
also be explained by limited access to the stroma by 
trypsun. Alternatively, the 47 kDa species could be 
the result of an incomplete transport process and, 

15 therefore, be partially exposed to proteolysis. 

Delivery of Chimeric Fusion Proteins Into Chloroplasts 
by Trans ient Expression in Leaf Protoplasts 

Fusions incorporating 12, 16, 19, 34, 64 and 
20 92 amino acids of the mature small subunlt were 

Isolated and characterized. To facilitate the analysis 
of delivery these fusions were cloned in an expression 
vector and electroporated into leaf protoplasts. After 
48 hours, the protoplasts were analyzed by Western blot 
25 using anti aroA antiserum. Although chloroplasts were' 
not isolated, Western blot unequivocally established 
that the protein was properly delivered and processed 
since the difference in size between the precursor and 
the mature protein is about 7 kDa. In no experiment 
30 was a precursor ever detected. 

The absence of any detectable precursor both 
in cases of efficient delivery, or in cases of no 
delivery, indicates that under transient assay eondi- • 
tions, the half life of this species is very short, it 
35 is either delivered successfully or turned over 

rapidly. The amount of mature small subunlt present in 
the fusion has a profound effect on Its delivery 
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efficiency: the most efficient construct was the one 
incorporating 16 amino acids of the mature small 
subunit. If its efficiency is given the arbitrary unit 
of one, the following are the normalized efficiencies: 
5 12 aa - 0.3, 19 aa - 0.09, 24 aa - 0.07, 1 aa - 0.005, 
64 and 92 aa <0.003. In addition, the processing 
heterogeneity observed with* f f usions 3 (19) and 4- (34) <- ■■■ 
was not seen with either the 12 or 16 aa fusions. 

A construct incorporating 35 amino acids of 

10 the mature ACP was successfully delivered into the 
chloroplast although at relatively low efficiency. A 
second fusion incorporating 42 amino acids was not 
delivered at all. Although the pattern of use of ACP 
as a transit peptide is based on only two fusions, it 

15 resembles the one of the small subunit. A peptide 

region at the amino terminus of the mature protein that 
has been delivered is needed for optimal efficiency. 
This peptide has salient characteristics; both in the 
SSU and in the acp it is predicted by the analysis of 

20 Kyte and Doolittle, J. Mol. Biol. (1982) I57j 1 05) to be 
located on the surface of the protein. Furthermore, it 
carries a series of positively charged amino acids; in 
the case of the small subunit they are at positions 9, 
10, and 11 (all Lys). in ACP there are Lys residues at 

25 position 8, 9, 14„ 20, 22, and an Arg residue at posi- 
tion 1 . Further evidence toward the importance of 
positively charged amino acids is given by the data of 
della Cibppa at al_. , Biotechnology (1987) ,5:579-584, on 
the amino terminal region 'of the plant EPSP synthase 

30 (delivered to chloroplasts a3 precursor) where positive 
amino acids residues are found at positions 1, 11, 
and 18. Lubben and Keegstra, supra used the SSU 
transit peptide' plus- 13 amino acids of the mature SSU * 
fused to a soybean heat shock protein to demonstrate 

35 delivery in vitro . However, no information was 

supplied on the effect of the mature portion of SSU for 
delivery. 
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It is evident from the above results that 
improved efficiency of translocation of proteins 
particularly those having hydrophobic H-termini can be 
achieved by employing polar linking groups between the 
5 processing signal and protein of Interest, m this 
aanner, the N-terminus of the protein may be selected 
to retain the protein's wild-type characteristics 
while providing for substantially complete transloca- 
tion, m addition, the linker may provide for enhanced 
or modified properties of the protein. Substantial 
flexibility is provided in the design of genes and 
tnexr expression products, while limiting changes at 
the N-terminus. 

All publications cited herein are indicative " 
of the level of skill of those skilled in the art to 
which this invention pertains. Each publication is 
individually herein incorporated by reference to the 
same extent as if each publication had been individu- 
ally incorporated by reference at the location-doited. 

Although the foregoing invention has been 
described in some detail by way of illustration and 
example for purposes of clarity of understanding, it 
will be obvious that certain changes and modifications 
may be practiced within the scope of the appended 
25 claims. 
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WHAT IS CLAIMED IS ; 

1 . A DMA construct comprising in the 
direction of transcription: 
5 1) a transcriptional "and t ranslat ional 

initiation region functional in plants; 

2) a first DMA sequence coding "for a 
transit peptide and processing signal; 

3) a second DMA sequence of from about 6 
10 to 20 codons coding for a polar region comprising at 

least two positively charged amino acids or of from 12 
* to 30 codons encoding the N-terminal region of the 
mature acp gene; 

4) a third DMA sequence encoding a gene 
15 of interest from other than a plant source; and 

a transcriptional and translat ional 
termination region functional in plants. 

2. A DNA construct according to Claim 1 , 
20 wherein said first sequence is the transit peptide of 
the small subunit of r ibulose- 1 , 5-bisphosphate 
carboxylase. I 



25 wherein 



3. A DNA construct according to Claim 4, 
said second sequence is the natural sequence 
joined to said first sequence and is of from about 14 
to 1 8 codons . 



4. A DNA construct according to Claim 1, 
30 joined at its termini to an armed or disarmed Ti- or 

Ri-plasmid . 

5. A DNA construct according to Claim 1, 
wherein said first sequence is the transit peptide of 

35 the small subunit of ribulose-1 , 5-bisphosphate 

carboxylase; and said third sequence is the aroA gene 
with up to 20 of the first codons replaced by said 
second sequence. 
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6. a protein comprising (1) a first peptide 
region consisting of. a transit peptide and processing 
signal functional in a plant cell; (2) a polar region 

5 of from about 6 to 20 amino acids; and (3) a second 
peptide region consisting of a peptide having a 
function of a chloroplast protein. 

7. A protein according to Claim 6, wherein 
10 said polar region is the natural sequence joined to 

said first peptide region. 

3. A protein according to Claim 6, wherein 
said transit peptide is the transit peptide of the 
15 small subunit of ribulose-1 , 5-bisphosphate carboxylase 
and said second peptide region is the aroA gene with up 
to 20 of the H-terminal amino acids replaced by said 
polar region. 

20 9 * A Protein comprising (1) a first peptide 

region consisting of the transit peptide and processing 
signal of a plant acp gene; (2) from 12 to 30 codons 
encoding the N-terminus of the mature acp; and (3) a 
second peptide region consisting of a peptide having a 

25 function of a chloroplast protein other than acp. 

10. a method for introducing a gene of 
interest Into a chloroplast organelle in a plant, said 
method comprising: 

30 growing plants having In their genome a DMA 

sequence comprising: 

a DMA construct comprising in the direction of 
transcription: 

1) a transcriptional and translational 
35 initiation region functional in plants; 

2) a first DMA sequence coding for a 
transit peptide and processing signal; 
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3) a second DMA sequence of from about 8 
to 20 codons coding for a polar region comprising at 
least two positively charged amino acids; 

4) a third DNA sequence encoding a gene 
5 of interest other than a plant gene; and 

a transcriptional and translat ional 
termination* region- functional in plants; 

whereby said DMA sequence is translated to 
produce a protein comprising said transit peptide, 
10 processing signal, polar region and the translation 
product of said gene of interest, and said protein is 
translocated to said chloroplast and said transit 
peptide is removed. 

15 11. A plant cell comprising a construct 

according to Claim 1 . 
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